Studies were conducted with four (50 to 70 kg) barrows to evaluate the mobile nylon bag technique (MNBT) for determining the apparent protein digestibility (AD) in a variety of feedstuffs. One-gram samples of each feedstuff, ground through a 1.0-mm mesh screen, were enclosed in nylon bags (25 x 40 mm; 48 /~m mesh). Following predigestion (.01 N He1; 4,000 Fotin Intestinal Pepsin Units/liter), four bags of each sample were inserted into each pig via a duodenal T-cannula. The indigested contents were pooled within pig and feedstuff prior to crude protein analysis. The AD of each feedstuff was determined previously with four barrows according to the conventional method (CM), based on a 5-d total collection of feces following a 14-d adaptation period. The following results, AD (%), were obtained with the MNBT (n = 4) and CM (n = 4), respectively. Barley, 70.1 vs 81.2 (P < .05); corn, 72.3 vs 82.1 (P < .05); wheat, 79.6 vs 86.4 (P < .05); corn gluten feed, 73.9 vs 70.9; rice bran, 57.3 vs 57.4; wheat middlings, 70.8 vs 79.4 (P < .05); soybean meal, 89.9 vs 93.0; a mixture of soybean meal and hulls, 86.9 vs 88.8; coconut expeller, 65.0 vs 69.8; fababeans, 79.5 vs 78.5; peas, 87.6 vs 88.1; meat meal ,83.2 vs 84.0; complete diet (4.3% crude fiber), 76.3 vs 83.6 (P < .05); and complete diet (13.6% crude fiber), 56.5 vs 55.0. Although the AD in the cereals, wheat middlings and the complete diet with 4.3% crude fiber were lower (P < .05) by the MNBT than by the CM, a correlation of .925 was established between both methods by simple regression analysis. An improvement (P < .05) in the correlation coefficient to r = .949 was obtained when the N-free extract or crude fiber content in the feedstuff was included as a second covariable in multiple regression analysis.
I ntroduction
Conventional digestibility methods that involve either total collection of feces or the use of a digestibility marker are expensive and time-1 Dept. of Anim. Sci., Univ. of Alberta, Edmonton, Canada T6G 2P5; to whom requests for reprints should be addressed.
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Received January 25, 1988 . Accepted August 3, 1988 consuming; they require relatively large amounts of feed and involve considerable expenditure for equipment and workers. These methods, therefore, are impractical for routine and rapid feed analysis. A more practical method may be provided by the mobile nylon bag technique (MNBT), described by Sauer et al. (1983) . An excellent agreement, albeit with a limited number of feedstuffs (canola meal, meat and bone meal and soybean meal), was obtained between the MNBT and the conventional method (with the use of a digestibility marker) for apparent protein digestibilities in these protein supplements (Cherian et al., 1988) . The optimum predigestion conditions for the MNBT also were determined in the aforementioned studies. The objective of the present studies was to evaluate the use of the MNBT to determine or to predict the apparent protein digestibility for a wide variety of feedstuffs.
Materials and Methods

Experiment i. Four barrows (Dutch Landrace
• Great Yorkshire), with an average initial weight of 40 kg, were housed individually in metabolism crates 1 wk prior to the insertion of the cannulas. The pigs were fed a standard-type pig grower diet used in the Netherlands. This diet consisted of 36.9% barley, 45.7% corn, 4.4% soybean meal (44% CP) and 11% meat meal and contained 17% CP. The remainder was made up of a vitamin-mineral mixture, the composition of which was presented previously . The barrows were fitted with a simple T-cannula in the duodenum according to procedures described by Sauer et al. (1983) . With the exception of anesthesia, the surgical procedures including pre-and post-operative care were similar to those described previously (Sauer et al., 1983) . The pigs were fasted 24 h before surgery and anesthetized with hypnodyl s administered i.v. via the jugular vein at a rate of 10 mg/kg body weight, 15 to 30 min prior to surgery. Additional hypnodyl, if necessary, was administered directly into the peritoneal cavity during surgery. The pigs were tranquilized with stresnil s at a rate of 2 mg per kg body weight, 10 to 15 min prior to the administration of hypnodyl.
The T-cannulas were prepared according to McBride et aI. (1983) . The pigs were immediately returned to the metabolism crates after surgery and fasted that same day. The next day, they were given approximately 100 g of the grower diet, twice daily. The feed allowance was increased slowly until the pigs consumed the diet at a rate of 2.4 times the ME requirement for maintenance (100.4 kcal*Wkg'TS), as specified by ARC (1981) . Water was administered with the feed at a ratio of 2.5 to 1. The SJanssen Pharmaceutica B. V., Goirle, The Netherlands.
Nitex mononylon cloth #3-270-53 ASTM, Thompson and Co. Ltd., Montreal, Canada. 7Seal Master, Packing Aids Corporation, San Francisco, CA.
SCat. no. 7185, Merck Biochemica, Darmstadt, F.R.G. pigs were allowed a 21-d recuperation period.
Nylon bags, measuring approximately 25 x 40 mm, were prepared from monofilament nylon 6 with a pore size of 48/~m. The percentage open area in the cloth was 36%. The bags were sealed on three sides utilizing heat provided by a sealing device 7. This method of sealing allowed for faster production of the bags than did the sewing method used previously (Sauer et al., 1983) .
A 1-g sample of finely ground feed (1.0-mm mesh screen) was placed into a nylon bag, and the open end of the bag then was sealed. The bags were grouped in blocks of eight and placed in a beaker containing 500 ml of a solution made up of deionized water, .01 N HC1 and purified pepsin powder s (Pepsin EC 3.4.23.1). The activity of pepsin in this solution was 4,000 Folin Intestinal Pepsin Units/liter. The beaker was placed in a waterbath at 37~ and agitated at a rate of 90 oscillations/rain for 4 h. Thereafter, the bags were removed from the beaker, washed with deionized water and frozen until required. When an experiment was to be initiated, the frozen bags were removed from the freezer and thawed in a container placed in a waterbath at 37~ for 5 min.
The thawed bags were inserted during a 5-min period while the pigs were eating, two during the morning meal (0700 to 0730) and two during the evening meal (1900 to 1930) . The bags were retrieved in feces during three daily searches, at 0700 to 0730, 1400 to 1430 and 1900 to 1930, respectively, carefully isolated and immediately frozen. Bags found on the urine collection tray or in the urine collection bucket or damaged (chewed or trampled) were discarded.
The experiment was conducted over a 15-d period. A total of 60 bags were placed into each of four pigs: four bags with the contents of each of 15 feedstuffs were prepared for each pig. New bags with contents of the respective feedstuffs were prepared for the bags that were discarded (9) and placed into the respective pigs 6 d following the 15-d period.
Experiment 2. Apparent protein digestibilities were determined for barley, rice bran, corn gluten feed and wheat middlings ( Table 1 ). The apparent protein digestibility for barley was determined directly. The apparent digestibilities in the other feedstuffs were determined with the difference method as described by van and Imbeah et al. (1988) .
These diets and those used in the following studies were ground through a 1.O-mm mesh screen. Sixteen barrows (Dutch Landrace • Great Yorkshire), with an average initial weight of 38 kg, were housed in metabolism crates 1 wk prior to the start of the experiment. The pigs were fed the 17% CP grower diet described for Exp. 1. Four barrows were assigned to each of the four test diets. Feces were collected quantitatively during 5 d following a 14-d adaptation period. The pigs were fed twice daily, at 0800 and 1600, equal amounts each meal at a rate of 2.4 times the ME requirement for maintenance, as in Exp. 1. Water was administered with the feed at a ratio of 2.5 to 1.
Experiment 3. The apparent protein digestibility was determined for corn, wheat, peas, coconut expeller and soybean meal ( Table 1) . The digestibility of protein in corn was determined directly; for the other feedstuffs digestibilities were determined by the difference method. Twenty barrows, with an average initial weight of 50 kg, were used in these studies. Four barrows were assigned to each of the diets.
These studies, as well as the following were carried out under experimental conditions similar to those described for Exp. 2.
Experiment 4. The apparent protein digestibility was determined for barley, meat meal and fababeans ( Table 2 ). The apparent protein digestibility in barley was determined directly; in meat meal and fababeans apparent protein digestibility was determined by the difference method. Twelve barrows with an average initial weight of 34 kg were used. Four barrows were assigned to each of the test diets.
Experiment 5. The apparent protein digestibilty was determined for corn, soybean meal and a mixture of soybean meal and hulls ( Table  2 ). The apparent protein digestibility in corn was determined directly; for soybean meal and the mixture of soybean meal and hulls the difference method was used. Twelve barrows, with an average initial weight of 45 kg, were used. Four barrows were assigned to each of the test diets.
Experiment 6. The apparent protein digestibilities were determined with the direct method in two complete diets formulated to be of low aThe vitamin-mineral premix contained per kg; vitamin A, 600,000 IU; vitamin Ds, 120,000 IU; vitamin E, 25 g; vitamin K3, .2 g; riboflavin, .4 g; niacin, 2.0 g; pantothenic acid, 11.0 g; vitamin Bt2 , 3 mg; choline chloride, 80 g; FeSO4o7Ha O, 24.8 g; CuSO4o5H2 O, 45.5 g; MnOa, 4.2 g; ZnSO4oH20, 13.3 g; Na-selenite, 12.1 mg; KI, 54 mg; CoSO 407H 2 O, 465 rag; virginiamycin, 1.2 g. The remainder was made up of ground barley.
bAs fed.
and high protein digestibility, respectively (Table  3) . Eight barrows, with an average initial body weight of 46 kg, were used. Four barrows were assigned to each of the test diets.
Analytical and Statistical Procedures. Following freeze-drying, the bags were carefully pried open. The contents were pooled within pig and feedstuff and analyzed for N using a microKjeldahl procedure (AOAC, 1980) . The concentration of NH3 liberated during digestion was determined using the calorimetric method of Fawcett and Scott (1960) .
The DM, CP (%N • 6.25), fat, fiber and ash content were determined in the complete diets and the ingredients that were evaluated. The CP content in feces also was determined. The samples were dried in an oven at 101~ until constant weight for the determination of DM. Ash was determined by incineration at 550~ for 4 h. Nitrogen was analyzed using a Technicon auto-analyzer. After wet digestion with 2.0 M potassium sulfate solution in 1.8 N sulfuric acid and Se as catalyst, the N was bound by hypochlorite and phenol. This N complex was measured at 630 nm. Crude fat was analyzed by treating the sample for 1 h with 3 N HC1 and drying for 3 h under vacuum at 100~ followed by an 8-h extraction with hexane. The crude fiber content was determined according to the V.N.N.I. standards 9.
Simple and multiple regression analysis, using treatment means and differences among treatment means were tested using the t-test, according to Steel and Torrie (1980) . Insufficient sample of barley (Exp. 4) and corn (Exp. 5) had been retained from the conventional studies for determination of CP digestibility with the MNBT.
Results and Discussion
The conventional studies were carried out over the weight range from 40 to 70 kg. Previous studies with pigs over this weight range have shown no effect of weight on apparent protein digestibility (Just Nielsen, 1968; Fernandez and Jorgensen, 1986) . The MNBT studies were conducted with pigs over the weight range from 50 to 70 kg.
The proximate compositions of the feedstuffs that were evaluated with the MNBT are pre-9N.A.N. no. 3326. Voorschrift Nederlandse Normalisatie Institute, Ryswyk, Z.H., The Netherlands, P. O. 5810. sented in Table 4 . The feedstuffs were classified into six groups: cereals, products from cereals, products from oil seeds, products from papilionaceous flowers, products of animal origin and complete diets.
The apparent protein digestibilities of the cereal grains, determined with the MNBT, were lower (P < .05) than those determined with the conventional method; the differences (percentage units) ranged from 6.8 for wheat to 11.1 for barley (Table 5 ). However, the MNBT provided the same ranking for protein digestibilities in these cereal grains as the conventional method. These results are in agreement with studies in which the energy digestibilities in cereal grains were measured (De Lange et al., 1986 ). The energy digestibilities in barley, corn, oats and wheat were 12.6, 8.1, 14 and 10.5 percentage units lower, respectively, than those aThe vitamin-mineral premix contained the same amount of each of the vitamins as specified in Tables 1  and 2 . The mineral content per kg premix was as follows: FeSO 4 9 7H 2 O, 41 g; CuSO 4 9 5H 2 O, 10 g; MnO 2 , 7 g; ZnSO 4 oH 2 O, 22.9 g. bAs fed. (1986) . With the exception of wheat middlings, there were no differences (P > .05) between the two methods for determining the apparent protein digestibilities in products from cereals. As was the case with the cereals, the apparent protein digestibility in wheat middlings was lower when determined with the MNBT.
There were no differences (P > .05) betwecn the apparent protein digestibilites in soybean meal, a mixture of soybean meal and hulls, coconut expeller, fababeans, peas and meat meal. These results are in agreement with previous studies in which no differences were found between both methods for canola meal, soybean meal and meat and bone meal (Cherian et al., 1988) . The inclusion of hulls, at the expense of soybean meal, decreased the apparent protein digestibility. This decrease also was observed when the MNBT was used. As has been shown in many studies, the inclusion of fiber has a negative effect on protein digestibility (Just, 1982; Fernandez and Jorgensen, 1986) .
The apparent protein digestibilities of meat meal were 83.2 and 84.0% when these were determined with the MNBT and conventional method, respectively. Studies with meat and bone meal also showed a good agreement between both methods: the protein digestibilities were 78.0 to 81.0% and 79.1% with the MNBT and conventional method, respectively (Cherian et al., 1988) .
With respect to the complete diets, both methods provided similar protein digestibilities for the diet of low digestibility (13.6% crude fiber). As was the case for the cereals and wheat middlings, the protein digestibility was lower when determined with the MNBT than with the conventional method in the diet of high digestibility (4.3% crude fiber).
There were no apparent trends in the variation associated with the MNBT and conventional methods. The variation was higher with the MNBT for the cereal grains but lower for the products from oilseeds.
Simple regression analysis showed a correlation of .925 between both methods for apparent protein digestibility (Y = 5.54 + .97 X 1 , n = 15; Y = digestibility, %, determined with the conventional method; XI = digestibility, %, determined with the MNI3T). Tables 4 and 5 reveal that when the nitrogen-free extract in the feedstuffs evaluated exceeded 55% (with the aMeans and standard deviation (n = 4).
b'CMeans in the same row with different superscripts differ at P < .05. exception of peas), then there was a discrepancy between results obtained with both methods (i.e., the differences in digestibilites ranged from 7.0 to 11.0 percentage units). An improvement (P < .05) in the correlation coefficient, .949, was obtained when the N-free extract content in the feedstuff was included as the second covariable (Y = -8.50 + 1.06 X1 + .14 X2, n = 15; X 2 = % N-free extract). The same correlation was obtained when the crude fiber content of the feedstuff was included as the second covariable (Y = 21.24 + .82 XI -.66 X:, n = 15; X2 = % crude fiber). The inclusion of additional covariables (e.g., % crude protein) did not further improve (P > .05) the correlation. As yet, no explanation is available for the improved correlation coefficients when the N-free extract or the crude fiber content are included as second covariables. Several factors may be responsible for differences that were observed between the two methods. The MNBT may not allow for the measurement of interactions between the feedstuff that is evaluated and the digestive tract. Feedstuffs high in fiber augment the sloughingoff of epithelial cells (Bergner et al., 1975) . Feedstuffs that contain trypsin inhibitor(s) increase the pancreatic secretion of protein (Schumann et al., 1983; Ozimek et al., 1985) , thereby reducing the apparent protein digestibility. The relatively small amount of sample enclosed in the bag is unlikely to elicit similar responses by the digestive tract. It should be pointed out, however, that there was an excellent agreement between both methods when feedstuffs high in fiber (e.g, rice bran and coconut expeller) were compared. In addition, Ncontaining substances, derived from the basal diet and(or) endogenous protein, may enter and dilute the "indigested" protein in the bag, resulting in a lower apparent protein digestibility. The differences between protein digestibilities determined with the MNBT and conventional method will increase as the "indigested" amount of protein in the bag is decreased. These postulations may, in part, explain the lower protein digestibilites in the cereal grains (which ranged in protein content from 9.4 to 11.7%) with the MNBT compared with the conventional studies. Furthermore, material soluble in pepsin-HC1, and which passes from the bags into the predigestion solution, may not necessarily be digested and absorbed. However, for all the feedstuffs that were tested the apparent protein digestibilities were lower (P < .05) or similar when these were determined with the MNBT rather than with the conventional technique. Finally, the conventional techniques that is used (i.e., the direct vs indirect method) and the level of inclusion of the feedstuff to be evaluated in the basal diet, also may influence the measurement of nutrient digestibilities, as was reviewed by Sauer et al. (1988) . found a significant (P < .05) effect, albeit of a small magnitude, when meat meal was included at different levels in the basal diet; the apparent protein digestibilities were 88 and 83% (P < .05) when meat meal was included at levels of 10 and 30%, respectively.
In conclusion, although the apparent protein digestibilities were lower when determined with the MNBT rather than the conventional method in some of the feedstuffs evaluated, including the cereals, a correlation of .925 was established between both methods with simple regression analysis. An improvement (P < .05) in the correlation coefficient, .949, was obtained when the N-free extract or crude fiber content in the feedstuff was included as the second covariable in multiple regression analysis. Further studies are warranted to investigate the use of the MN BT for predicting energy and amino acid digestibilities in feedstuffs for pigs.
